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Using ihe known moments obtained from the moment 
distribution solution, the extended moment-area equations 
are used to check whether or not .sx, 4Y• A e are truly zero, 
or are any other quantity they are supposed to be. In 
order to get a reasonably correct answer, a solution must 
meet both the elastic checks·and the static checks for 
their equilibrium and compatibility functions. Using the 
extended moment-area equations, the magnitudes of the 
slopes and deflections at all ot the joints in framed 
structures can be found easily. 
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NOMENCLATURE 
The symbols used are defined where they first occur 
in the text and are listed here in alphabetical order 
for convenience. 
A area of moment diagram; 
b number of members; 
C coefficient ( 1/2 for triangle, 2/3 for parabola) 
E modulus of elasticity; 
I moment of inertia; 
j number of joints; 
k constant 






length of member; 
moment .from moment distribution solution; 
number of external reactions; 
abscissa of a certain point on a member; 
ordinate of a certain point on a member; 
i abscissa of the centroid ot moment diagram; 
y ordinate of the centroid of moment diagram; 
e angle of rotation 
Ax horizontal deflection; 
AY vertical deflection; 
A9 change of angle 1 
A horizontal displacement. 
vii 
I INTRODUCTION 
After any structural problem bas been solved, it is 
desirabl~ to check the solution to see whether it has been 
solved correctly. Certainly, checking the solution is as 
important as the analysis of the solution itself. 
1 
The checking process should be independent of the 
method by which the problem was originally solved. For an 
indeterminate structure, the solution should be checked both 
statically and elastically to insure that the problem was 
correctly solved, bec.Use it is quite possible to find that 
an incorrect solution will satisfy the static check or the 
elastic check separately, but it cannot satisfy both. For 
this reason, both the static and elastic checks must be 
utilized. 
It is very common for a wrong answer to meet all but 
one check, so incomplete checks might be equivalent ·to no 
check at all. 
, .. 
Most engineers use only the static check. Wrong 
answers can satisfy the static check, giving the engineer 
a false belief that his answers are correct. This paper 
intends to enlighten and to convince practicing engineers 
that they should supplement their static check with the 
. . 
convenient elastic check that is described. 
The main purpose of this paper is to propose conve-
nient elastic checks tor the compatibility of rigid-frame 
structures that have been solved by the moment-distribution 
method. Prom the calculated moments, the moment-area 
equations will be used to check if the slopes and deflec-
tions along all of the elastic curves in the frame are 
compatible with boundary conditions. It will be shown 
that it is highly desirable that the rapid checking process 
should be utilized by the practicing engineer. 
2 
After the method of checking was developed, it became 
clear that the magnitudes of the slopes and deflections at 
all of the joints in f'xamed struct-ures can be found easily 
by applying these concepts. Consequently, the proposed 
equations are not only the most efficient tools for checking 
solutions, but they are also perhaps more valuable for 
determining the displacements at all joints. 
3 
II REVIEW OF LITERATURE 
Much work has been done in the field of analysis and 
checking the results of structural analysis. Early work by 
Professor Wang (16), and later work by Professor Kinney (9), 
showed that when prismatic members intersect at a joint of 
a rigid frame the change in moment at the far end of each 
member minus twice the change in moment at the joint end of 
the member all divided by the stiffness of the member, must 
be a constant value. But these checks have nothing to do 
with the correctness of the values of the relative stiffness 
and the fixed-end moments used at the beginning of the 
moment-distribution table; that is, if the latter are 
wrong, the answers would be correspondingly in error even 
though they meet the test of the check. ·That the sum of 
moments at any joint must equal zero accompanied by checking 
the coincidence of statics by the Maxwell diagram was 
presented by Mr. Keller (8). Professor Gere (5) provided 
two equations for the angles of rotation caused by the end 
moments~ lateral loads, chord-rotation, and temperature 
differential, but finally ended up with the same results as 
Professors Wang and Kinney. 
The concepts of extended moment-area equations can be 
used not only as an·approach for making elastic checks, but 
also as a means of finding the magnitudes of the slopes 
and deflections at all joints in framed structures, espe-
cially in multi-story structures. 
III DETERMINATION AND APPLICATION OF 
M01lli~T-AREA EQUATIONS 
4 
As usually derived in structural analysis, the moment-
area method gives the deflection and change of slope between 
two points on a single flexural member. The moment-area 
principles, however, can be applied to a structure consis-
ting of several members by summing up'continuously the 
respective effects on the successive members if they have 
rigidly connected joints. Since under load, no angle change 
occurs at the rigid joints, the successive members ca.n be 
considered as one continuous member. Because of this tact, 
the following moment-area equations can be adapted tor 
ch.ecldng solutions with satisfactory results. 
In Fig. 3-1 A AB represents a portion of a deflecti.on 
curve of a beam· and DC (Fig. 3-1 B) is the corresponding 
portion of the bending moment diagram. Since the deflection 
of a member due to bending is usually amall compared with 
the length of the original straight axis, the length of 
curve AB (Fig. 3-1 A) is approximately equal to that ot 
straight line AB. 
Pig. 3-l(~Shape ot Beam after Bending 
0 
Neutral axis of 
-~~~~~~CIC.X.l~~-U-lo..1fnB-~ the be am 
I 
: (B) Moment Diagram 
(C) Moment Diagram Divided by EI 
Fig. 3-1 Bending Moment Diagram 
Let each ordinate of the moment diagram in Fig. 3-l B 
be divided by EI to produce the M/EI diagram of Fig. 3-l c. 
From ordinary flexural theory, 
d6 ;:; ~-:::M~­E I ds 
For beam used in structures the curvature is very small 





M dx E I 
In Fig. 3-1 c, 
M dx· = area EFGH E I 
de = area EFGH 
That is, area EFGH equals the infinitesimal angle change 
between points E and F. If all the angle changes are added 
between points A and B, 
l~ e = IB EMI dx = area ABCD 
;1\ 
in whichf E ~ dx moans tho area of the M/EI diagram between 
points A. and B. 
Consider now the distance of the point B of the 
deflection curve from the tangent AB' at point A. The 
contribution made to this distance by the bending ot an 
element EF of the beam and included between the two 
consecutive tangents at E and F is 
M 
xd6 = x --=E~I- dx 
This is the moment of the shaded area with respect to the 
vertical through B, divided by EI. 
The total deflection BB' is 
-i6 x M gx AY- E I 
'A 
Let y :: EMI 
then 
f ME\ ilx : fy X dx 
From calculus, 
Jy ilx"' area= A 
a.nd 
Jy x dx = first moment of area. = i A 
in which the area. A is, of course, the area of the M/EI 
diagram, and i is the distance to the centroid of the M/EI 
diagram. The M/EI diagram is usually drawn in parts and, 
since the pa.rts·themselves must be added to produce the 
whole, the integral term is expressed as 
JMx·dx E I •.:ly- A :4x 
and in a. simil a.r manner, 
J M dx = ZA :: ~ e E I 




1. The angle between the tangents a.t two points A and B 
of the deflection curve equals the area. o£ the bending 
moment diagram between the corresponding verticals, 
divided by the flexural rigidity o£ the beam. 
7 
2. The distance from B to the tangent drawn from A is equal 
to the moment with respect to the vertical through B of 
the ar.ea of the bending moment diagram between A and B, 
divided by the flexural rigidity EI. 
The moment-area equations can be most ~onveniently 
applied between points which have either theoretically 
absolute zero deflection or slope (Fig. 3-2 A) or relative 
zero deflection or slope ( Fig. 3-2 B). 
P _____ cr-----------~n 
, 
A B A B 
(A) 
· wk/ft 
C t ttft1Httf"tllttD 
A B 
(B) 
Fig. 3-2 Moment Diagram 
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}.·loment diagrams will be drawn on the compression side 
of the member. Any moment which tends to rotate a joint 
clockwise is to be considered negative,7 and the reverse 
positive- By looking around the members continuously from 
the inside, it can be observed that the moments inside the 
frame tend to bend the members concave inward, thus causing 
rotation of the bars in the same sense. Suppose we define 
as positive both this sense of rotation and moment diagrams 
plotted inside the frame, then all those outside the frame 
are negative, the series of members being considered as one 
continuous member. From the known conditions, the moment-
area equations can be developed as follows for fixed ends 
by setting Ax = :Z.A y 
:::: ::!:C M/EI L y· 
=20/F;. M y 
9 
=0 ( 4) 
where M :: Maximum ordinate of the moment diagram 
C : Coefficient {1/2 for triangle, 
2/3 for parabola) 
K = I/L, relative stiffness of members 
Since the modulus of elasticity E, is usually constant for 
all members, it can be disregarded in Equation (4'. .• 
Similarly, two other ·equations may be obtained, which are 
A y ~ ~ C/K M i :::. 0 ( 5) 
A e •:zc/K M ;; o. (6) 
10 
In the foregoing equations, the values of i and y are 
referred to coordinate axes which p~ss througA the original 
position of the joint whose displ~ements are desired. It 
must be noted that the deflection or change of slope occurs 
along the center line of the frame, so i and y are always 
measured to the centroid of the M/EI diagram projected to 
the center line of the frame, The values of M in the above 
equations are the respective maximum values in the moment 
diagrams. These equations can furnish a very rapid check 
after all the moments acting on the members are known. 
Because the shapes of the moment diagrams are usually either 
tr_iangles or parabolas with bases equal to the lengths of 
the members, the' va;Lues of C, x and ~ y can be determined 
from geometric consideration&. 
For multi-story frames, due to their high indeterminacy, 
a large number of sets of these elastic equations will be 
required for a. complete check. For simplicity, the shortest 
circuit should be used, in which the least number of terms 
is required for summations in the equations. . 
In the upper stories, one should check all the indivi-
dual closed elastic curves of adjacent beams and columns. 
If the corner joints are rigid, as they are assumed to be, 
the relative deflection and change of slope of a certain 
corner considered lying on one of the intersecting members, 
with respect to the same point considered lying on the other 
member, can be ~et equal to zero. Thus, every circuit 
fJ.lrnishes three independent· equations, Equations 4, 6, and 6. 
In the bottom story, one can consider the deflections and 
change of slope at the column bases along the continuous 
elastic curves between the adj~ent columns. , 
11 
Por fixe~end columns, both deflection and change of 
slope e an be set equal to zero, so that Equations 4, 5·, , and 
6 are all satisfied. I£ one column base is fixed while the 
other column base is hinged, there must be some rotation' 
existing at the hinged end. The equation A6 = 0 therefore 
cannot be applied at this hinged end, while the far end is 
fixed. In this case, only Equations 4 and 5 are applicable, 
and they are sufficient for . checking the individual circuit 
which is indeterminate to only the second degree. If both 
ends of the two columns are hinged; then only one elastic 
equation is needed for checking this indeterminacy of the 
first degree. Since neither end of the frame is fixed, 
,.,hen finding the displacement of one end the rotation of 
other end must be taken into consideration. 
IV DEGREE OF INDETERMINACY AND NU1lliER 
OF ELASTIC EQUATIONS 
The frame of Fig. 4-l is statically indeterminate 
to the six~h degree in the external forces because there 
are nine unknowns and only three equations of static 
equilibrium. If we consider the internal forces, it will 
12 
be found that it is still indeterminate to the sixth degree. 
G· H I 
r-------------~-------------
D t----------E-+-------J F 
A,., 
Fig. 4-1 Sixth Degree of Indeterminacy Framed Structure 
After the external reactions at A, B, and C have been found, 
these three points can be treated as determinate, so that in 
AD, DE, and CF the shear, thrust and moment can all be 
computed with no difficulty. At joints D and .E, there are 
four bars with unknown stresses. The total number of 
unknowns to be determined at these two points will be twelve, 
but the number of static equations available is only six. 
The remaining joints F, G,H, and I are all determinate if 
stresses at D and E are known. Therefore, the structure is 
indeterminateto the sixth degree as far as internal forces 
are concerned. From the above analyses, it can be concluded 
that the degree of indeterminacy of the internal fore e s is 
equal to three times the number of, closed rectangles in 
the frame. 
Actually, since the frame is both internally and 
externally indeterminate, no solution for the external 
reactions can be found independently. As a general rule, 
in order -to solve such problem~, . one equation is required 
13 
for each degree of indeterminacy, both internal and, external. 
Therefore, it is the total degree of indeterminacy which 
is needed. There are three reactions existing at each end 
of a member in the frame, namely shear, thrust and moment, 
totalling six in each member. If a free body is drawn and 
the static equilibrium principle is applied, the reactions 
at one end may be computed in terms of the reactions at the 
other end. It is apparent that each member contains only 
three unltnowns to be determined. As far as the whole frame 
is concerned, the total number of unknowns will be three 
times the number of bars plus the number of external 
reactions. On the other hand, for maintaining static 
equilibrium, each rigid joint of the frame will furnish 
three static equations. In addition, if there are existing 
known boundary conditions available, they can also be 
considered as furnished equations. As a result, the total 
degree of indeterminacy including both internal and external 
forces may be express.ed as follows: 
Total degree of indeterminacy= 3b + r ·- 3j - s 
where b - number of bars 
j : number of joints 
r : number of external reactions 
s :; number of kno,vn boundary conditions. 
For a complete check on the analysis of a structure, 
the number of elastic equations must be equal to the degree 
14 
of indeterminacy. In Fig. 4-1, the equations can be written 
along the elastic curves ADEll, BEFC, DGHE, and EHIG each 
furnishing three equations .:1 X = o, AY = 0 and A e = o. In 
the case of a multi-story rigid-framed structure, the 
checking work still can proceed very conveniently without 
any trouble, although more elastic equations will be needed. 
In Fig. 4-2, the foregoing statements regarding the degree 
of indeterminacy and the number of elastic equations will 
be checked. 
26 27 28 29 30 
21 22 23 24 25 
16 17 18 19 20 
11 12 13 14 15 
6 7 8 9 10 
1 2 3 4 5 
..."!~ 
.or: a. 
,., a. ...,  ·~ 
Fig. 4-2 Eighty-Seventh Degree of Indeterminacy Framed 
Structure 
Total degree of indeterminacy 
= 3 X 66 + 3 X ( 3 + 2 ) - 3 X 42 
= 198. + 15 - 126 
= 87 
In which . 3 x 25 ; 75 for inner forces 
3 x 2 + 2 x 3 = 12 for outer forces 
The required 87 elastic equations can be furnished by the 
elastic curves around the 25 closed circuits from 6 to 30, 
15 
each furnishing three, and the five open circuits which 
gives twelve equations, to make a total 87. From the figure 
it is obvious that the three hinged ends will furnish six 
equations and the two fixed ends will furnish another six. 
The far ends of these five circuits should be selected at 
their nearest fixed column bases. 
Furthermore, from a different point of view, the 
theorem of the elastic ring can be applied to determine the 
degree of indeterminacy of the structure, in which the 
foundations of the structure must be included by connecting 
them with imaginary members, thus forming a completely 
stiff structure. The degree of indeterminacy of a two 
dimensional frame is equal to three times the number of 
rings in the whole structure,minus the number of releases. 
In Fig. 4-2, because three releases exist at the three 
hinged column bases where the moments are always equal to 
zero, the degree of indeterminacy equals ( 3 x 30 ) - 3 = 8~ 
which gives the same result as the previous consideration. 
As stated before, in order to satisfy the degree of 
indeterminacy, three elastic equations should be furnished 
at each fixed-end and two at each hinged end. There will be 
no difficulty in writing these equations if at least one 
fixed-end is present 'from which the deflection and rotation 
of all the other hinged ends can be computed. If no fixed-
end can be found in the given framed structure, the number 
of elastic equations will not be sufficient to satisfy the 
required degree of indeterminacy. In order to get enough 
elastic equations, the angle of rotation at any convenient 
column end must be computed first from one of the known 
conditions, as illustrated next. 
In Fig. 4-3, all the column bases are hinged at A, B, 
C, D, E, a.nd F. 
G H I J K L 
c. E .. F 
Fig. 4-3 Ninth Degree of Indeterminacy Framed Structure 
The degree of indeterminacy 
: 3 X 11 + 2 X 6 - 3 ~ 12 
:;: 33 + 12 - 36 
:;: 9 . 
16 
It can be checked either from the twelve unknown reactions 
minus the three static equilibrium conditions, or from three 
times the five elastic rings minus six releases. Because 
no common bases are fixed, only .AX = 0 at the five bases 
can be utilized in this case, which is not sufficient to 
check the solution of a structure indetermin~te to the ninth 
degree. In order to get the required nine equations, · the 
angle of rotation at any base must be calculated first. Let 
base at A be selected for this purpose, and eA obtained from 
4Y = 0 at B by the moment-area. m.ethod. Aft•er. e A has been 
been found, nine checking elastic equations can be furnished 
by ..ox = 0 at B, and AX ; 0, A.Y ;a 0 at c, D, E, and F 
successively. Since all the column bases are at the same 
level, Equation 4 and Equation 5 can be used, in which the 
known rotation eA should be taken into account. 
Consequently, the required number of elastic equations 
will always be furnished no matter what the end conditions 
of the columns are. 
17 
V PROBABLE SOURCES OF MISTAKES IN MOMENT 
DISTRIBUTION SOLUTIONS AND C01-.IPLETE 
AND INCOMPLETE CHECKS 
18 
Mistakes arise from many sources. As a result, the 
static and elastic cheoks o~nnot ~ll be aatiafi•d• The 
solution by moment distribution is a method of successive 
approximations, starting from the fixed end moments through 
a number of cycles of carry-over and distribution. In the 
process, if a mistake occurs, it is still possible to show 
compatibility at the joint. By checking only joint balances, 
some mistakes can never be found. In addition, mistakes 
'from some other sources may also be induced which will still 
indicate joint equilibrium. 
The following are possible sources of error in moment-
distribution some of which cannot be checked by joint 
equilibrium as will be shown: 
1. Wrong fixed.- end moment - either magnitude or sign. 
2. Wrong distribution factor K/~K - either incorrect 
percentages or interchanged in places. 
3. Wrong carry-over moment - either magnitude or sign. 
4. Wrong sign of distribution moment. 
5. Computational errors. 
6. Wrong summing· of the moments in the columns. 
The possible cases of mistakes in the solution by 
moment-distribution of the loaded structure are shown in 
Fig. 5-l B through Fig. 5-l T, the wrong figures being · in 
parentheses. 
19 
(A). A concentrated loading y:i th side sway example is shown 
in Fig. 5-1 A 
50k 
Bj 4' 4' J CT pL k;:2 F.E.M. :r a 
50 X 8 
k=3 k=2 8' = ·8 
D_L =50 A 
.. 7r (A) nr ~ 
Case 1 
BA BC CB CD BA BC CB CD 
0.6 0.4 0.5 0.5 0.6 0.4 0.5 0.5 





- 8 + 6 +12 
5 .... 3 
- 3 - 3 - 7 - 5 
- 2 + 2 - 3 
(B) (C) 
Case 2 
BA BC CB CD BA BC CB CD 
(0.7) (0. 3) 0.5 0.5 (0.4) (0.6) 0.5 0.5 
-50 +50 -50 +50 
15 -25 -2 30 -25 -25 
-12 ... 8 -12 +15 
4- 8 4 
- 4 
- 2- + 2 + 4 
(E) 
Case 3 
BA BC CB CD BA BC CB CD 
0.6 0.4 0.5 0.5 0.6 0.4 0.5 0.5 
. -50 +50· -50 +50 
~o +20 
(-25) +10 +10 
+15 10 
- 5 - 5 
3 ..jo 5 
(F) (G) 
Fig. 5-l Table of False Moment Distribution 
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Case 4 
BA CB CD 






;-22: -22 (H) 
Case 5 
BA BC CB CD 




BA BC CB CD 
0. 6 ,__..;...0....;... 4 ____ 0__:._5......, 0. 5 
(J) 
Fig. 5-l Table of False :Moment Distribution 
The correct moment-distribution will be shown later:· in 
the example. 
(B) • .An uniform loading with no. side-sway example is shown 
in Fig. 5-l K 
B c T k;3 2 F.E.M. = wL 12 k;2 k=2 9' 60 
-
A D _L 
Case 1 (K) 
BA BC CB CD BA BC CB CD 
0.4 0.6 0.6 0.4 0.4 0 0.4 
(-40) (+40) -60 (-60 
24 -24 -16 o~-24 o~-36 •36 
-12 +12 +-18 +18 








BA CB CD CB CD 
(0.7) 0.6 0.4 0.6 0.4 
+60 .f-60 
- 6 
+ 9 o~-12 
- 6 - 3 - 7 - 5 
- 3 + 4 
(N) (0) 
Case 3 
BA BC CB CD BA BC CB CD 
0.4 0.6 0.6 0.4 0.4 0.6 0.6 0.4 






Fig. 6-1 Table of False Moment Distribution 
21 
Case 4 BA 0.4 
(R) 
Case 5 BA BC 
0.4 
( S) 

























-36 - 4 
+18 
+33 -33 

























Fig. 5-l Table of False and Correct Moment Distribution 
22 
23 
It has been shown that a correct solution must satisfy 
both the static and the elastic requirements. An infinite 
number of solutions may be obtained which w·ill satisfy the 
static checks, but there can be only one right solution. In 
the same way, there may be a large number ot solutions which 
satisfy the elastic checks, yet only one can be right. A 
complete check will include the satisfaction of all the 
required compatibility conditions, otherwise it is an in-
complete check. This can be explained by the static and 
elastic equilibrium of a structure. The ordinary conditions 
for static equilibrium of a loaded structure . are;[H • 0, 
':tV • 0 and ~M • 0. Because these static equations do not 
take the elastic deformations of the members into consider-
tion, it is still not known for sure if the elastic defor-
mations of the structure are fulfilled. Therefore, the 
compatibility of the members should be investigated to be 
certain that the translation and rotation at their ends all 
meet the required conditions. On the other hand, the 
satisfaction of the elastic equations only indicates that 
the deformations at the concerned joints are consistent, but 
it can not ascertain the stability of the entire structure. 
Therefore,the right solution must meet all the static and 
elastic conditions. Take the follow·ing several cases for 
illustration. 
(1). Static checks satisfi~d only. The final solution 
for the frame is shown in Fig. 5-2 A. 
(a.). Static check 





A D +8 _j_ 
+--1 ·-- 8 t --·--11 
(A) 
2f ~24_k'_s__.__q _+4~ 2l 





Fig. 5-2 Force Analysis Diagram 
From Fig.· 5-3· c~ : 
~H = 4 - 4 :;; 0 
~ = 50 - 23 - 27 = 0 
.21,{ A: 8 or 50 X 4 + 8 - 27 X 8 








(b) • Elastic check, 
Origin at A 
Moment C K - - M Diagram X y 
1 t 3 0 8/3 -8 
2 ~ 2 3 0 16/3 ... 24 
3 t 2 8/3 8 +24 
4 t 2 4 8 -100 
5 ~ 2 2 16/3 8 +40 
6 t 2 8 16/3 +40 
7 t 2 8 8/3 -t 8 
~ 
AX: 207.99- 203.55; 4.44 
Error ;; 4.44 - 2 2t!l 205.77 - • jtl. 











AY = 165.33 - 100.00 : 65.33 
Error :;; 65.33 - 49% 132.67 -
~a = 32.oo - 26.33; 5.67 
5.67 rtf_ Error = ~::::--:::-=-- :;; 207" 29.17. 
C/KMi C/K1.fy 
0 3.55 
0 • 21.33 
+ 16.00 ;- 48.00 
-100.00 -200.00 
+ 53.33 + 80.00 
+ 80.00. 1" 53.33 






Because the elastic checks do not satisfy the conditions, 
the assumed moments are not correct. 
25 
26 
(2). Elastic checl~ satisfied only. The final solution 
is being assumed in Fig. 5-3 B,in which an obvious 
but easily made mistake is indicated. 
(a) • Elastic check, Fig. 5-3 B, 
Origin o.t A 
Moment c K - - M C/KM C/KMx C/KMy Diagram X y 
1 ) . 3 0 2.66 - 3 - 0.50 0 1.33 ? 
2 J_ 3 0 5.33 + 27 + 4.50 0 + 24.00 2 
3 .'l 2 2.66 a + 37 + 9.25 +- 24.67 + 74.00 2 
4 1 2 4 a -100 - 25.00 -100.00 -200.00 2 
5 J. 2 5.33 8 + 34 ... 8.50 + 45.33 +- 68.00 2 
6 l 2 8 5.33 + 34 + 8.50 + 68.00 + 45.33 2 
7 t 2 8 2.66 
- 19 4.75 - 38.00 - 12.67 
~ + 30.75 +138.00 +211.33 
30.25 -138.00 -213.00 
211 33 213 00 ; 1 67 E 1 • 67 0 79 ~ Ax ; • - • - • ; 'rror :: 212.17 : • JO OK. 
AY - 138 ~ 138 - 0 
A6 = 30.75 - 30.25 = 0.50 ; E 0.50 rror = 30.50 - 1.64 % 
(b). Static check. From Fig.• 5-3 c·,. 
:EH • 6.6 - 3.8 :; 2.8 
;;.y - 50 25. 4 -24. 6 = 0 
:l:MA= 50 X 4 + 3 - 19 - 24.6 X 8 











equations, it does not satisfy the static equilibrium 
conditions. Therefore, it is not the right solution either. 
27 
5Ck 
4' 4' 7 
1 
-37 c -34 D 
-27 k=2 
-34T 
k=3 k-2 8' 
-3 -19j_ 
g~ (A) ""B 
-34k 1 )=-6.6 
24.1 24of 
-34k' ~ 




Fig. 5-3 Force Analysis Diagram 












steps for solving the problem are shown from 
Fig. 5-4 A through Fig. 5-4 F. The final solution 
in Fig. 5-4 F is obtained by adding the results 
in Fig.5-4 A and Fig.5-4 E. 
(a). Static checks. From the analysis in Fig •. 5-4G 
.:rH ;; 7 - 7 :: 0 
-:i.V = 50 25.4 - 24.6 ;:: 0 
LM ;:: 16 ... 50 X 4 19 - 24.6 X 8 
= 16 + 200 - 19 - 197 
= 216 - 216 
= 0 
(b). Elastic checks, Fig. 5-4 H, 
A 
K - - M C/KM C/KMx X y 
3 0 2.66 
- 16 2.67 0 
3 0 5. 33 -+ .. 37 .... 6.17 0 
2 2.66 8 + 37 + 9.25 ... 24.67 
2 4 8 -100 -25.00 -100.00 
2 5.33 8 + 34 + 8.50 ... 45.33 
2 8 5.33 + 34 + 8.50 + 68.00 


















4X = 220.22 - 219.78 - 0. 44; Error ;; 0.44 - 0 2 % 220.00 - • OK. 
4 y ;:; 138 - 138 = 0 OK. 
4 e :a 32.42 - 32.42 = 0 OK. 
All. conditions checked. 
Assuming no sway due to the 50-kip load, moments are 




B cr k;;2 
k•3 k:;2 8' 
Dl 
1.3 






Fig. 5-4 Force Analysis Diagram 
From Fig. 5-4 A and Fig. 5-4 B, the holding force is 
7.3- 6.0: 1.3 (to the left). 
-32k 1 
The equal l: orizontal displacements are A, and acco:rding to 
29 
the relative K value, the ratio of the fixed-end moments in 
columns is MAE/ MDC _.. 3/2 • Let -30 and -20 be the assumed 
values and the new moments are shown in Fig.5-4 C. 
From Fig.5-4 C and Fig.5-4 D, the holding force is 


















































Therefore, from Fig. 5-4 B and Fig. 5-4 D, the shear ratio 
30 
is 1.3/8.0. This ratio times the moments in Fig.5-4 C gives 
the rrodified moments as shown in Fig. 5-4 E. The final 
moments will be shown in Fig.5-4 F, which are obtained by 
~dding moments in Fig. 5-4 A and Fig. 5-4 E. 
+-2 ;-2 -37 +34 
-2 -2 -r37 -34 
-4 -3 -;-16 -19 
(E) (F) 




7_~ ----5-Lj ___ . _+_34~ 7 








Fig. 5-4 Force Analysis Diagram 
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VI DEIHVATION OF EXTENDED 1~0MENT-A .. li.EA EQUATIOI\S 
FOR DEFLECTIONS JJ~D ILLUSTR.ATIOXS 
32 
In designing tall buildings it is usually necessary for 
the designer to evaluate the horizontal deflections at every 
floor level in order to insure that they are permissible. 
?-.fest books deal with the slope and deflection method in 
which the joint displacements are first determined by 
simultaneous equations or matrix calculations. After that, 
the end moments of the members are computed from the kuown 
displacements. On the contrary, in the moment distribution 
method, the end m.oments are found first, so the moment-area 
equations can be extended to determine the joint displace-
ments more conveniently. The derivation of the extended 
moment-area equations is as follows: 






Fig.6;..1 r;: · -;; story Column and Frame 
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In Fig. 6-1, let ABC represent one column line of a 
two-story, fixed-end framed structure. The horizont a l 
deflections of the columns AB and BC are denoted by ...:::J xl' 
and-A x 2 resp ectively. It is quite obvious that the horizon-
tal deflection at the first floor level is A x1 and the 
absolute horizontal deflection at the second floor level 
must be the summat·ion of A x 1 and .ax2 • The end moments of 
the two columns are represented in terms of slopes and 
d~flections as shown below. 
• t 
4E1 I 1eA 2EIIleB 6E1 r 1 (Llx1 ) 
MAB - Ll + Ll L2 
1 
(9) 
2E1r1eA 4E1r1eB 6E1 r 1 (~x1 ) 
MBA= ;- L2 Ll Ll 1 (10) 
4E2I 2eB 2E2r 2eC 6E2I 2 (Ax2 ) 
MBC :: + L2 L2 L2 2 
(11) 
2 E2r 2eB 4E2r2e 0 6E2I 2 (4 x 2 ) 
MCB -· + L2 L2 L2 2 
( 12) 
From Equation 9 with 6A; O, 
6E1 I 1 {.ax1 ) 2E1r1eB 
- M.AB 2 
Ll Ll 
( 13) 





3E1 I 1 (A x 1 ) 
2 
--
Ll 2. Ll (14) 
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Substituting Equation 14 into Equation 13, 




3E1 I 1 (4x1 ) 
- M -L2 2 L2 .AB 1 1 
-
- MP.t>.. M ~- AS 
2 
MBA L2 2 
~x1 :::; X 1 MABLl 







-2E1I 1 3 2E1I 1 3 
(15) 
(16) 
From Equation 11, 
6E2I 2( A x 2) 
-
4E~I2e;§ 
+ L2 L2 2 
2E2I29C - ~C ( 17) 
L2 




L2 L2 2 
Equation 18 substituted into Equation 17 gives 
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3 E~I~(Ax,) 3E,r~e;e MCB 
- + MBC L2 L2 2 2 
3E2r 2eB L2 MCB L2 
.a.,x2 =. 2 + 2 X X 
L2 3E2I 2 2 3E2I 2 
L2 
-MBC X 2 
3E2"r2 
2 2 
~X - eB .L2 i" 
McB1 2 MBC 1 2 (19) 2 - 6 E2I 2 3E2I 2 
Subtracting .· Equation 10 from Equation 9 with e A ::;;; O, 
eB : 
MJ2AL1 M~:6Ll 
2E1I 1 2E1I 1 ( 20) 
Substituting Equation 20 into Equation 19, 
MBA1 11 2 MABL1L2 
2 2 
.tf) x2 = + 
McB1 2 ~BCL2 ( 21) 
2E1I 1 2E1I 1 6E2I 2 3E2I 2 
MBALl 
X t 2 -
MABLl 
X L2 + McB
1 2 x· L2 AX2 : 
2E1I 1 2E1I 1 2E1I 1 3 
MBCL2 21 2 
-
. ·x 
2E2I 2 3 (22) 
Adding Equation 15 
.. 
and Equation 22, then 




Equations 16 and 24 agree with Equation 1 for horizon-
tal deflection. In the same way, vertical deflection and 
change of slope may be derived. Because horizontal 
36 
deflections are of special interest to rigid frame designers, 
the application of Equations 16 and 24 will be very useful. 
From· the above derivation, it is clear that the 
absolute deflection of · any joint in a rigid frame may be 
calculated by taking the moments about the joint of all the 
M/EI moment diagrams along any continuous elastic curve 
bet1v-een a fixed column end and the selected joint. Of 
course, a large number of routes may be used which will 
give the same result. But, for simplicity, the shortest 
way is the best one. For instance, suppose the absolute 
horizontal deflection at joint C in Fig.6-l B is desired. 
Any fixed column end may be utilized as the far end of the 
continuous moment-area circuit. If point A is chosen, 
tpere are different ways to go to joint C, each member being 
counted only.once. But the simplest way is from A directly 
to c. Similarly, the deflections at joints F and I will be 
37 
found much easier by taking the routes DEG and GHI res-pee-
tively. Furthermore, the absolute horizontal deflections 
at joint~: C, F, and I must be equal to each other, because 
they lie on the same floor level. Thus, a check is obtained 
and is illustrated in the following illustrations. 
ILLUSTRATIONS 
Example 1. 
A two-bay fixed-end rigid frame with uniform load on the 




~241 24 1 
(A) 
-72 -t-396 -396 +72 /6k/ft 
+-72 
-72 
6 +36 0 -36 6.6 6 
-5~.5 1Jl 58t5 ~36 t -3~ 5 • 171 58.5 
(B) (C) 
Fig. 6-2 Two-Bay Fixed-End Structure 
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Fig.6-2 Two-bay Fixed-End Structure Moment Diagram 
(a). Static check. From Fig.6-2 C, 
~H = 6 - 6 = 0 OK. 
ZV • 6 X 48 - 58.5 + 58.5 + 171 : 0 
ZM = 36 - 36 + 171 X 24 ~ 58.5 X 48 
- 6 X 48 X 24 
= 0 
(b). Elastic check. From Fig. 6-2 D, 









c K - - M X y 
t 1 0 6 - 36 
~- 1 0 12 + 72 
t 3 8 18 + 72. 
2/3 3: 12 18 
-432 
.J... 3 16 18 -t-396 2 
il X = ·1836 - 1836 : 0 
~y ::: il52 - 1152 = 0 
.A a -= ·114 - 114 = o 
All conditions checked. 
C/Iaf C/Ki 
. ·:-18 0 
+36 0 



















(c) • Determination of slopes and deflections. 




Diagram c K y M eA ac AA AC 
1 ~ 1 12 -36 -18 -216 
2 } l 6 +72 +36 ;-216 
10 t 1 12 ;-36 ;-18 +216 
9 ~- 1 6 -72 -36 -216 
~ +18 -18 0 0 
Example 2. 
A two story rigid frame with unequal legs and horizontal 
load is shown in Fig. 6-3 A. 
A B t-14 ;-12.5 
3kl k;;;2 -14 -12.5 
16' k=-1 k=l 
c k-2 D -13 • ..~ -8 6k +24.6 +30. 7 T 





L~. -17 ··~ _._ 
E ~ 12' ---1 
(B) (A) 
Fig. 6-3 Two-Story Unequal Legs Structure 
3k-·- .-A-----. B 





Fig. 6-3 Two-Story Unequal Legs Structure Stress and 
Moment Diagram 
(a). Static Check. From Fig. 6-3 C, 
xH = 1.8 ~ 7.2 - 3 - 6 = 0 
~v = 6.83 - 6.83 = o 
OK. 
OK. 
~M = 3 X 32 + 6 X 16 6.83 X 12- 7.2 X 8 
- 17.4 - 35.0 
- 0 OK. 
(b). Elastic check. From Fig. 6-3 D, 
Origin at E 
t·loment c K - - M C/KM C/KMi C/KMy Diagram X y 
1 -7;. 2 0 5.33 +17.4 +4.35 0 ... 23.22 
2 
* 
2 0 10.67 -11.2 -2.8 0 - 29.82 
9 -~- 2 4 16 -24.6 -6.15 - 24.6 - 98.50 
10 :f._ 2 8 16 +30.7 +7.G7 + 61.6 ;-123. 
11 ~- 2 12 13.3 +22.7 +5.67 + 68.0 + 75.4 
12 * 2 12 10.67 -35 -8.75 ·105. - 93.3 






..ox :: 221.62 - 221.62 = 0 OK. 
c.y = 129.6 - 129.6 = 0 OK. 
Ae = 17.62 





0.45 % OK. 
Origin at c 
M 1-.'l oment c .. K - M C/KM C/Ki C/K.v:y. Diagram X y 
" 3 )_ 1 0 5.33 +13.4 +6.7 0 +35.7 2 
4 -} 1 0 10.67. -1.4 
-7 0 -74.6 
5 :\- ... 4- 16 -14 -3.5 -14 -56 
6 ~ 2 8 16 +12.5 +3.12 +24.96 -r49.9 
7 + 1 12 10.67 +12.5 +6.25 +75 +66.6 
8 1 1 12 5.33 
- 8 -4 -48 -21.32 !f 
10 t 2: 8 0 -30.7 -7.67 -61.4 0 
9 ~ 2 4 0 +24.6 +6.15 +24.6 0 
2: +22.22 -t-123.4 .;-152.2 
-22.17 -123.4 -151.92 
AX ;;;: 152.2 - 151.92;;: 0.28 
Error = 0.28 = 0.17 % OK. 152.06 
AY ;:f23.4- 123.4 = 0 OK. 
A9 ;: 22.22 - 22.17 ;; 0.05 
0.05 
ErrQr ;;; 22.19 ;;; 0.22 % OK. 
42 




Diagram c K y M ec aD .aC AD 
1 1 ~ 2 10.67 ;-17.4 ;-4.35 ;-46.4 
2 -} 2 5.33 
-11.2 -2.8 
-14.95 
12 -~ 2 5.33 o+-35.0 ..-8.75 +46.6 
11 ~- 2 2.66 -22.7 -5.67 -15.1 




Diagram c K y M eA eB ..a A ...::sB 
1 -~· 2 26.67 +17.4 +4.35 +116 
2 J .. 2 21.33 -11.2 -2.8 
-
59.7 ~ 
3 * 1 10.67 ;-13.4 +6.7 ... 71.5 
4 + 1 5.33 -14 -7 - 37.3 
12 ..\. 2 2 21.33 +35 +8.75 . o~-186.5 
11 J_ 2 2 18.66 -22.7 -5.67 -105.6 
8 · t 1 10.67 ,. 8 .... 4 + 42.7 
7 J_ 2 1 5.33 -12.5 -6.25 - 33.3 
z 
-t-1.25 +0.83 .;-90.5 o;-90.3 
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Example .. 3. 
A tall builuing with vind stresses is shown in Fig.6-4 A. 
Since the frame is fixed at the both colwnn ends, it is 
indeterminate to the eighteenth degree in the internal 
forces and tho sixth degree in the external forces. As & 
result it is totally indeterminate to the twenty-fourth 
degree. For solving the problem the twenty-four elastic 
equations will be furnished by the eight individual 
circuits, each satisfying the three equations Ax -= O, 




( 20. 2) 
J -5 
-26 +31 








( 21. 5) 
( 21. 5) 


















( 10. 2) +10 -10 
( 12. ) 13. 
L 
-9 
(25.8) t-32 -23 
(12. ) 13. 
I :-19 
( 25.8) +53 -34 
( 20. ) 13. 
F -30 
( 25.8) ~:1 -41 
(17.1) 16 
c -56 












Fig. 6-4 Four Story Building Moment Diagram 
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3.3 5 3 3 1 
-19~1_) -33 '\.}_) ~19 
6. 5 :· ~~+-(5-2 ____ +~17;.-(-52 ___ --:+~~. 6 
-33 f I 4 •12 L66 ~ ~ 5 • 25 1_34 * 
-24 J 2 9 2 • ~30 




n 5. 6 ---7-.--o--r·:::ll~: 2i 
-75 -4~ 
-79 ~85 -107; -5:t 







Fig. 6-4 Four Story Building Stress Analysis 
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(a) • Elastic check. 
ADEB (Origin at B) 
~ ~omE:nt c K - - M C/K M C/Kx C/KMy ,, . X y 
.JJ...agrara 
1 1 26.6 0 5.33 +79 +1.485 0 .... 7.92 ·z- .. 
2 J .. 26.6 0 10.67 -47 . 
-0.885 0 
- 9.45 :.! 
3 1 21.5 8 16 -71 -1.650 -13.20 -26.40 "2 
4 t 21.5 16 16 +64 -t1.490 +23.80 .,.23.80 
5 -k 33.3 24 10.67 t-75 +1.125 +27.00 1-12.00 
,.. )_ 33.3 24 5.33 -107 -1.605 -38.50 - 8.56 0 2 
~ +4.100 +50.80 +43.72 
-4.140 -51.70 -44.41 
BEFC (Origin at B) 
Moment c · K - -· M C/ICM C/K.Mx C/FJly Diagram X y 
6 .l. 33 .. 3. 0 5 •. 33 +107 +-1.605 0 + ·8. 56 ~ ~ . 
5 -~- 33.3 0 10.67 - 75 -1.125 0 -12.00 
7 l : 25.8 6.67 16 - 69 -1.338 -8.92 -21.40 ·:r 
8 -~- 25.8 13.. 33 16 t' 71 -+1.375 "-18.36 -t-22.00 
9 ..1 .. 17.1 20 10.67 +41 tl.200 +24.00 +12.80 2 
10 J. 17.1 20 5.33 -56 -1.640 -32.80 - 8.73 2 
~ .f-4.180 +42.36 f43.36 
-4.103 -41.72 -42.13 
DG:iE (o::.·igin at D) 
.. or.1ent 
,n K - - C/K:.~ C/Kl.!x C/IG.!y Di agr<:Lm v X y M 
11 J~ 31.6 0 4.5 +24 +D. 380 0 +1.71 ~ 
12 J_ 31.6 0 9 -33 -0.522 0 -<1.70 :·~ 
13 1 21.5 8 13.5 -52 -1.210 9.67 -16.34 -2-
14 .;. 21.5 16 13.5 +47 ~1.210 +19.35 +16.34 
15 J: 39.5 24 9 t66 .f.(). 835 +20.05 + 7.52 2 
16 J. 39.5 24 4.5 -58 -0.735 -17.65 
-
3.31 2 
4 J.. 21.5 16 0 -64 -1.490 -23.80 0 2 
3 -~- 21.5 8 0 t71 +1.650 +13. 20 0 
~ +4.075 .f-52.60 +25. 57 
-3.957 -51.12 -24.35 
El-I I It' (Origin at E) 
Moment C K - - M C/KM C/KMi C/KMy Diagram X y 
16 .1. 2 39.5 0 4.5 +58 +0.735 0 + 3.31 
15 .l. 2 39.5 0 9 -66 -0.835 0 - 7.52 
17 J.. 25.8 6.67 13.5 -52 -1.009 
-
6.72 -13.60 2 
13 J. 25.8 13.33 13.5 +53 +1.026 +13.70 +13.86 2 
19 J~ . 20.2 20 9 t34 +0.840 +16.82 + 7.56 2 
20 J. 20.2 20 4.5 -30 -0.743 -14.86 
-
3.34 2 
8 -} 25.8 13.33 0 -71 -1.375 -18.36 0 
7 .l. 2 25.8 6.67 0 +69 +1.338 + 8.92 0 
z +3. 939 +39.44 +24.73 
-3.962 -39.94 -24.46 
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CJXH (Origin a.t G) 
~ .; or:;ent ..... K - M C/1..'1.{ C/KMx c;T~~.-~ X y .. -.. .... y 
., . 
!)~ .-::-zra:n 
21 _l_ 20.2 0 4.5 t19 +0.470 0 +2.12 2 
22 1 20.2 0 · 9 -26 -0.644 0 -5.79 ·~r 
23 J_ 21.5 8 13.5 
-31 -0.721 5.77 -9.75 2 
24 J~ 21.5 16 13.5 +27 +-0. G28 +10.05 +8.49 2 
25 -} 20.2 24 9 +39 4-0.965 +23. 20 +8.69 
26 J_ 20.2 24 4.5 -33 -0.817 -19.60 -3.67 2 
14 1 21._5 16 0 .-47 -1.210 -19.35 0 -2-
13 -} 21.5 8 0 +52 +1.210 + 9.67 0 
+2. 273 +42.92 -+19.30 
-3.392 -44.72 -19.21 
HKLI (Origin at H) 
~·.!oment c K - - M C/IG.l c/r..'ltx C/IO.fy Diagram X y 
26, -} 20.2 0 4.5 ~33 +0.817 0 +3.67 
25 J.; 20.2 0 9 -39 -0.965 0 -8.69 2 
27 _1_ 25.8 6.67 13.5 2 -29 -0.562 
-
3.75 -7.59 
28 ~- 25.8 13. 33 . 13.5 +32 +0.620 + 8.27 t-8. 37 
29 J_ 12.7 20 9 +23 +(). 905 +-18.10 +8.15 2 
30 _1,_ 12.7 20 4.5 -19 -0.748 -14.96 -3.37 2 
18 t 25.8 13.33 0 -53 -1.026 -13.70 -· 0 
17 J. 25.8 6.67 0 +52 +1.009 + 6.72 0 2 
+3.351 t-33.09 +20.19 
-3.301 -32.41 -19.65 
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J~. r:m: (Origin o.t J) 
;.; o ::1 en. t c ~r - M C/KM c/raG~ C/K.t..ry .... X y Diagram 
t:_l ~ 
-'- 20.2 0 4.5 + 5 +-0 .124 0 t-0.56 '-'.L 2 
32 J~ 20.2 0 9 -10 -0. 2tl8 0 
-2.22 2 
33 1 8.5 8 13.5 
-10 -0.588 4.70 
-7.94 .. ~-
34 l 8.5 16 13.5 ... 9 +0.529 8.47 +7.14 .':!. .. + 
35 ~ 20.2 24 9 ... 18 +0.445 +10.70 +4.01 
36 J .. 20.2 24 4.5 
-17 -0.420 -10.10 -1.89 ;;) 
24 1 21.5 16 0 
-27 -0.628 -10.05 o · -2-
').-:) 1 21.5 8 0 +31 +0.721 .. 5.77 0 .... v ·2-
::E t1.819 +24.94 +11.71 
.;;.1.884 
-24.85 -12.05 
K.'.:OL (Ol'igin at K) 
i.ioment c ·K - - M C/hl'ti c/wlx C/~iy 
.uio.r-ram X y 
. ..... 
36 -~- 20.2 0 4.5 +17 +0.420 0 +-1.89 
35 } 20.2 0 9 -18 -0.445 0 -4.01 




2.94 -5.95 2 
38 _1_ 10.2 13.33 13.5 +10 +0.490 t 6.54 t6.62 2 
39 _1_ 12.7 20 9 t10 +0. 394 + 7.88 t3.55 2 
40 J_ 12.7 20 4.5 
-
9 -0.354 
- 7.08 -1.59 2 
28 J.. 25.8 13.33 0 -32 -0.620 
-
8. 27 ... 0 2 
27 .l. 25.8 6.67 0 +29 +0.562 t 3.75 0 2 
~ t1.866 +18.17 f12.06 
-1.860 -18.29 -11.55 





44.41 :; 0 69 0.69 
- • ; AX = -44707- 1.57 % 
LlY = 50.80 51.70 = 0 90 - 0.90 
- • ; A Y - -sr.'2s- - 1.76 % 
.ae = 4.100 4.140 ; -0.04; .16 - 0.04 - 0 97 
- -·;r:r~-- - • % 
Circuit BEFC Error 
.dX :: 43.36 - 42.13 : -t-1.23; .AX= -l2~~0- = .2.88 % 
A - 42 36 41 72 - 0 64 - 0 • 64 - 1 52 % ~ y - • - • - + • ; ~y - 4'2704-- - • 
Ae = 4.180 - 4.103 = ~0.077;6e = -~;~~~- == 1.86 % 
Circu·i':t, DGHE 
4X = 25.57 
- 52.60 c.y 
.A6 - 4.075 
-
Circuit EHIP 
LlX = 24.73 -
LlY = 39.44 
Circ\li t GJIGI 
A X :: 19.30 
Error 
24.35 = 1"1. 22; AX-:: 1.22 - 4.8 % -~r.~s- -
51.12 = +1.48; AY = 1.48 - 2.86 % 
-sr:-ss- -
3.957 = -r0.118;Af1 ; 0.118 - 2.86 % 
-4:-ors- -
Error 
24.46 = ... o. 27· - 0.27 - 1.10 % , AX- ~47tm--
39.94 = -0. 50· - 0.50 1.26 % , ~y - -3~:1>9 -
Error 
19 21 -- 0 09 - 0 •09 0 47 ~ • ... • ; AX - -r~:~s- :; . 
4 72 1 80 - 1.80 4 11 ~ AY = 42.92 - 4 • =- - • ; ~Y - -:r~:~:m- :; . 10 
.Ae = 3. 273 - 3. 392 = -0.119;.e..e = -~:~%~- = o. 36 % 
Circuit HKLI Error 
20.19 - 19.65 ::; ... o. 54· 0.54 - 2.71 % ~X: A X :: 
-!'97'9'2- -,
LlY ::: 33.09 - 32.41 :; ... o. 68· , - 0.68 -- 2 08 % A y - -~'277'5- - • 
,i\6 = 3.351 - 3.301 = +(}.05; .08 - 0.05 
- 3.~~~- =-= 1.50 % 
50 
51 
Circuit J~ .. ::nc Error 
LlX ll. 71 12.05 ; -0.34; AX = 0.34 2.86 ~~ -
-rr:ss- -
4Y = 24.94 24.85 -\-0.09; 0.09 = 0.36 % - .t!i.Y = 2LI:~a--
..16 ;;;: 1.819 1.884 = -0.065! t.6 = 
0.065 = 3.51 cf ,
-r:s5"2- (0 
Circuit ICNOL Error 




18.17 18.29 :: 
-0.12; AY 0.12 0.66 % t.Y = - -rs:~3- -
A6 = 1.366 1.860 .:: ... o.ooe ;~e = 
0.006 0.32 % 
-r:su-s- -
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(b). Static check. 
Fro~n Pig. 6-4 C, 
::8l;;;; 5.2-+- 2 X 6.5- 7.85- 11.4- 6.05 .,.7.1;;;;00K. 
-;£{ ;;;; 12.95 + 3.3 - 16.25 - 0 
.::rM ;;;; 5.2 X 56.5 .. 6.5 X 43 + 6.5 X 29.5 
"t 7.1 X 16 + 3.3 X 24 - 16.25 X 44 
- 79 - 107 - 56 
-
294 + 279 + 192 + 113 + 79 - 715 - 79 
-
107 - 56 
- 957 957 
- -
;:; 0 
(c). Determination of slopes and deflections. 
From Fig • . 6-4·B, . 








t 26.6 10.67 +79 +1.485 -
-} 26.6 5. 33 -47. -0.885 
-5~ 3 3 • 3 10 • 6 7 + 10 7 
t 33.3 5.33 -75 
+ 17.1 10.67 +56 














+0.48 +11.14 +11.06 
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Moment C K -
_s/KM-- ,...C/IOly--














::l 26.6 24.17 +79 -t-1.485 
J_ 26.6 18.83 -47 -0.885 :.: 
J.; 
2 31.6 9 +24 ;-0.380 
]_ 
2 · 31.6 4.5 -33 -0.522 
-~- 33.3 24.17 +-107 +1.605 
. 33.3 18.83 -75 -1.125 · _!-_; 2 
.!. 
2 39.5 9 ~58 +0.735 
_,_ 39.5 4.5 -66 -0.835 2 
1 
"2 17.1 24.17 ..,.56 
J. ... 17.1 18.83 -41 
-
2 
-~- 20.2 9 +30 
).2 
2 20.2 4.5 -34 
_ .. The sums of the values are, 
eG =t0.458 
GH = +0.380 
e1 =- t0.343 
.t.G = -t-20. 22 
~H = +20. 36 






























. - 3. 78 
Moment C 
Diagram 
1 J .. ' :.! 
2 .. _1,; ~ 
11 J .. 2 
12 -~-
21 ) _ 2 
22 )~ 2 
·6 _1_ 2 
.... J .. 0 2 
16 1 -2-
15 ,, .'..!. ... 
26 l ' -2-·' 
25 t 
10 ~-
9 J.. 2 
20 J .. 2 
19 -~-
30 ) _ 2 
29 J .. 2 
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K - M 
r-C /KM"----. ~/KMy~ y eJ. eK eL 
26.6 37.67 t-79 t-1.485 
26.6 32.33 -47 -0.885 
31.6 22.5 +24 +0.380 
31.6 18 
-33 -0.522 
20.2 9 +19 +0.470 
20.2 4.5 -26 -0.644 
33.3 37.67 ~107 -t1.605 
33.3 32.33 -75 -1.125 
39.5 22.5 ;-58 
-·· 
t-0.735 
39.5 18 -66 -0.835 
20.·2 9 .f-33 
-
of-0.817 
20.2 4.5 -39 
-
-0.965 
17.1 37.67 t56 
17.1 32.33 -41 
20.2 22.5 +30 
20.2 18 -34 
12.7 9 of-19 
12.7 4.5 -23 
1he surusof the values are, 
eJ = +0.284 
eK = +0.232 
aL = -t-0 .186 
4 J ::; + 27. 90 
AK : -t-28.60 
4L = -t-27 .24 













































1 l ~ 
2 t 
11 )_ 2 
12 -2-


















29 l. 2 




~/KM..___ r-?. /IOly, 
-.... K y M 
.eM . eN. - eo . .. M AN ..,.0 




26.6 .45. 83 ~47 -0.885 . 
-40.60 




31.6 31.5 -33 -0.522 
-16.40 
-
. 20.2 . 22.5 t-19 +0 •. 470 . -t-10. 57 
- -
20.2 :J-8 ~26 -0.644 -11.60 
-
20.2 9 .... 5 ... 0.124 ... 1.12 
-
2Ch2 4.5 -10. -0.248 
- -
- 1.11 
33.3 51.17 +107 ~ +1'.'605 -· .. 




39.5 36 . -t-58 
. -
+0 .• 735 
- -
39.5 31.50 -66 -0.835 
20.2 22.5 +33 +0.~17 .. 
-
20.2 18 -39. -0.9S5 . 
-












17.1 45.83 -41 \ -1.200 .• - -
.20.2 36 +30 . .,;.· -t-0.743 
20.2 31.5 -34 -0.840 
-
1.2.7 22.5 +19 
-
+0.748 




12.7 9 + 9 
- -
+0.354 
12.7 4.5 -10 
-
- . -0.394 
The 'sWll5of the values a:re, 
eM~ +0.160 
e1'~~ == .,.o.182 
eL = +0~146 
AM'= +31.68 
4.N = +31.52 
~0 = t3l.~20. 
-























The greatest advan:0age of this method ·of checking is 
its directness and convenience. A considerable portion of 
time can be saved by applying the elastic check and static 
check. 
Due to the rigidity of the joints in a rigid frame, . 
-~he moment-area principle can be applied to a series of 
bars which are being treated as · a continuous member. The 
three elastic equations should be applied to the points of 
known displacements so that the calculated results at these 
points can be checked accordingly. The usual practice is 
to select the point of zero displacements and set the 
corresponding results obtained from the moment-area equa-
tions equal to zero. In order to give a complete check in 
conjunction with the three static compatibility equations, 
there must be the same number of elastic equations as the 
degree of indeterminacy. .A:fter the solution has been 
checked, the joint ~isplacements can be calculated by 
applying the · same principle. The designer will find it , 
more convenient because of the fact that in frame design 
56 
the moment distribution method is usually preferred, because 
the end moments are found firf!t• The absolute :hor.izontal 
deflections at all joints lying on the same floor level 
must be equal, which gives a close check on the computations. 
It was considered best to limit this paper to the 
con$tant cross section member. For non-prismatic members, 
the procedur!s of moment-distribution are practically the 
57 
same as those for constant cross section members, except in 
the way distribution and carry over factors and fixed-end 
moments are calculated. If a mistake has been made in any 
of those calculations, it will not necessarily be discovered 
by the elastic oheok or the statio· oheok. However, it is 
strongly recommended that engineers who want to check the 
results of their work,. use the procedure· described in this 
thesi~ in order to save time and labor. 
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